We investigate the effect of waveguide geometry on the conversion efficiency of Raman signals collected by integrated photonic waveguides. Compared to strip-type photonic wires, we report a six-fold increase in conversion efficiency for silicon-nitride slot-waveguides.
Methodology and corresponding results
The conversion from a guided pump beam to a guided Stokes signal can be expressed, for guided modes in awaveguide of arbitrary geometry, by a unit-less parameter, called specific conversion efficiency η 0 defined as [2] 
In this expression n g is the group index of the mode, λ 0 is the wavelength of pump and the Raman signal (the Stokes shift is neglected since its effect on conversion efficiency is small) and κ ν is a constant with a value of 1.26x10 23 V 2 m 2 /C 2 used to convert the Raman polarizability to the cross-section [1] . In eq. (1), the external integral is carried out in the region of refractive index n where analyte molecules are uniformly distributed; the internal integral is carried out in the whole space. The conversion efficiency (η) for an infinitesimal length dz of the waveguide can then be calculated as 0 / wg pump dP P dz
, where ρ and σ are respectively the density and Raman crosssection of the molecules. Eq. (1) can be solved using mode solvers for waveguides of an arbitrary geometry. Fig. 1 shows η 0 for silicon nitride (refractive index=1.89, height of the silicon nitride is fixed at h =220 nm) strip and slot waveguides (fixed slot width, s = 150 nm, waveguide width w for slot discussed throughout this paper is inclusive of the slot width) for various widths calculated using COMSOL finite element mode-solver for λ 0 = 785 nm. In Fig.1 we clearly see that η 0 decreases as waveguide width is increased, because the confinement of the mode in the core is increased thereby reducing the interaction volume in the upper cladding region where the analyte molecules are located. In particular, we theoretically expect about 6.4 fold increment in η 0 for slot waveguide (slot width 150 nm) compared to strip waveguide of width 700 nm.
The experimental setup is described in [2] . Essentially, a laser pump at 785 nm is coupled into the TE mode of the waveguide. Isopropyl Alcohol (IPA) droplets are applied on top of the waveguides as analyte to compare the Raman signal strength for several waveguide geometries. The light transmitted through the waveguide is then collected, filtered and measured using a commercial spectrometer or power meter. The input laser power is set at 70 mW, with an estimated 8dB coupling loss per chip-facet. For experiments, strip waveguides of width w = 550 nm and 700 nm are chosen while for slot waveguides, slot width s =150 nm, and total waveguide width w =700 and w = 800 are chosen. The waveguides are wound as spirals (typical size: 800 μm x 500 μm). The Raman spectra were extracted as explained in [2] . The IPA peak corresponding to the C-C-O vibration at 819/cm wavenumbers is used as reference to compare the values of η 0 for several waveguides. The ratio of total counts per second corresponding to this peak (which quantifies the collected power P col ), and the corresponding transmitted power at the output (P tx ) provides the quasilinear dependencee ζ (L) on waveguide length L [2] ,
Where, Δα is the difference between waveguide losses for transmitted pump power and the Raman signal. 
Conclusions
We have theoretically and experimentally investigated the effect of waveguide geometry on the evanescently excited and collected Raman signal using single mode photonic waveguides. We have shown that, in general, slot waveguides have higher conversion efficiency than the strip waveguides. For a given geometry, mode confinement by increasing the waveguide width, leads to smaller conversion efficiency. In particular, we have shown that compared to silicon nitride waveguides with strip geometry, silicon nitride slot waveguide have about six times higher intrinsic conversion efficiency.
